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We have developed a highly efficient nanosecond-pulse Yb:YAG laser operated at 
a room temperature. From the experimental results, a highly optical to optical 
conversion efficiency of 81% for absorbed pump power was obtained for CW 
oscillation with nearly TEM00 mode. An optical to optical conversion efficiency of 
73% for the absorption power was obtained for cavity-dumped oscillation with 7 µJ 
pulse energy and 16 ns pulse width at a repetition frequency of 100 kHz. 
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1. Introduction 
 
High average power, high efficiency short pulse 
lasers are ideal laser sources for many applications, 
such as laser surgery and material processing. 
Ytterbium-doped laser crystal has been researched in 
recent years. Yb:YAG crystal particularly excels at 
high efficiency and relatively low heat load. On the 
other hand, the disadvantage of the Yb:YAG is a 
considerable loss caused by the thermal population in 
the lower laser level because it is quasi-four-level (or 
quasi-three-level) laser material. Low temperature 
cooling is one of the approaches to realize highly 
efficient laser operation. 
In the case of continuous wave (CW) oscillations, 
a high optical to optical conversion efficiency of 74% 
for the absorbed pump power were obtained by T. 
Shoji et. al. at a low temperature of about 10 K. T. Y. 
Fan et. al. has obtained a high optical to optical 
conversion efficiency of 76 % for absorbed pump 
power at a low temperature of 100K. A. Giesen et. al. 
has demonstrated a Yb:YAG oscillator at crystal 
temperature between 100 K and 340 K, and obtained 
a high optical to optical conversion efficiency of 82% 
for the absorbed pump power at a low temperature of 
119 K under direct pumping with a wavelength of 
around 969 nm. 
At room temperature, nearly quantum-limited 
optical to optical conversion efficiency of 83% with 
1031 nm were obtained for the absorbed pump power 
of Ti:sapphire laser at a wavelength of 940 nm by our 
group. In this paper, highly efficient cavity dumped 
oscillation of Yb:YAG laser at room temperature are 
reported. A high optical to optical conversion 
efficiency of 73% for the absorbed pump power was 
observed at repetition frequency of 100 kHz. 
 
 
2. Experimental results and Discussions 
 
The experimental set-up for CW oscillator is 
shown in Fig. 1. The Yb:YAG crystal has a thickness 
of 1 mm, an ion density of 20 at.%, and is AR-coated 
at 940 nm on two surfaces and HR-coated at 1030 
nm on one surface. The crystal is adhered on a 
Sapphire plate, AR-coated on both sides for 940 nm 
and mounted to a copper holder at room temperature 
of about 20 °C. The pump spot diameter from CW 
Ti:sapphire laser for vertical direction was 22 µm and 
 
 
 
Fig.1. Schematic set-up of the CW oscillator. 
that for horizontal direction was 26 µm. The pump 
wavelength is 940 nm. The maximum pump intensity 
is calculated to be 220 kW/cm2. The output coupler 
reflectance R was selected to be 90% and 95%. In 
this experiment, the transmitted pump-beam from the 
Yb:YAG was returned by the output coupler. The 
unsaturated double-pass absorption efficiency was 
estimated to be 92%. 
Fig. 2 shows TEM00 CW output power of the 
Yb:YAG laser as a function of the absorbed pump 
power. The maximum optical to optical conversion 
efficiency for the incident pump power was obtained 
to be 78% for R = 90% and be 81% for R = 95%. The 
maximum optical to optical conversion efficiency for 
the absorbed pump power was estimated to be 84% 
for R = 90% and be 85% for R = 95%. An analysis of 
these data indicates a round-trip residual loss of 0.2%. 
The experimental set-up for cavity dumped 
operation is shown in Fig. 3. A thin film polarizer, a 
quarter wave plate and a RTP Pockels cell are 
inserted in the cavity for cavity dumped operation. 
To minimize the cavity loss, the polarizer for s-wave 
reflection is inserted because the s-wave reflection 
loss of the polarizer is 0.5% which is much smaller 
than the p-wave transmission loss of about 10%. Fig. 
4 shows the TEM00 output power as a function of the 
absorbed pump power. For CW oscillation, the 
rotatable quarter-wave plate acts as a variable output 
coupler in combination with the thin film polarizer. 
The plate angle was optimized for maximizing the 
coupling efficiency. The CW output power of 820 
mW was obtained with an optical to optical 
conversion efficiency of 80% at an absorbed pump 
power of 1020 mW.  
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Fig.4. TEM00 CW and cavity dumped laser output 
power for the absorbed pump power. 
 
 
 
 
Fig.3. Schematic set-up of the cavity dumped 
Yb:YAG laser. 
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Fig.2. TEM00 CW laser output power as a 
function of the absorbed pump power. 
 
By adjusting the plate angle, the system has 
been operated as a cavity dumped laser. The average 
output power of 730 mW was observed with a 
repetition rate of 100 kHz at an absorbed pump 
power of 1020 mW. The optical to optical conversion 
efficiency was 73% for the absorbed pump power 
and 62% for the incident pump power. The central 
wavelength is also at 1031 nm. The pulse energy 
fluence is estimated to be 400 mJ/cm2 at the Yb:YAG 
crystal. For small pump spot diameter, the optical to 
optical conversion efficiency of the cavity dumped 
Yb:YAG laser can be increased. 
To our knowledge, the optical to optical 
conversion efficiency of 73% for the absorbed pump 
power is the highest value in the cavity dumped 
quasi-four level solid-state-lasers. Low threshold 
pump power of 140 mW was also realized.  
  
 
3. Conclusions 
 
The highly efficient cavity dumped laser 
oscillation of the Yb:YAG has been realized at room 
temperature with the optical to optical conversion 
efficiency of 73% for the absorbed pump power. To 
our knowledge, the result is the highest value in the 
Yb:YAG oscillation. These results indicate a 
possibility of similar high efficiency cavity dumped 
operation by pumping a small-power laser diode of 
good laser beam-quality. 
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